The continuous increase in life expectancy in developed countries is typically associated with an increase in the number of years in good health, whereas the number of years in bad health rather stagnates. At present relatively little is known about trends in educational disparities in mortality and particularly morbidity. By combining life tables from census follow-up with cross-sectional survey data on self-perceived health, we are able to estimate life expectancy as well as health expectancy differences between three educational groups in Austria in . All educational groups have substantially gained length and quality of life (both absolute and relative) during the last decades. Between medium and low educated females, we observe a significant decrease in the life expectancy difference, but a significant increase in the health expectancy difference. No significant changes in educational differences are found among males. The educational expansion of the population has shifted a large proportion of the population to lower-risk groups.
Introduction

Persistent increase of length and quality of life in Austria
Like many other countries, Austria has seen a large and more or less continuous increase in life expectancy for almost 150 years: Whereas in 1868/71 life expectancy at birth was 33 years for males and 36 years for females, today (2008) it is 78 years for males and 83 years for females; an increase of almost 50 years. Since 1950 the figures have increased by about 15 years (Figure 1 ), which, until the 1960s, was mainly caused by reductions in infant and child mortality rates through better prevention and treatment of infectious diseases. Since the 1970s, however, also mortality rates at older adult ages have declined considerably─a fact that was mainly caused by decreasing mortality rates with regard to chronic illnesses, particularly circulatory diseases (the "cardiovascular revolution", as quoted by Vallin and Mesle 2004) . Today, reductions in old-age mortality rates are the main reason for the increasing life expectancy in Austria (Figure 2 ) as well as other western European countries. 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 The fact that the annual gains in life expectancy are increasingly caused by declining mortality rates at older adult ages has induced intensive discussion about the epidemiologic implications of the post-1970 gains in life expectancy in developed countries. Some researchers doubted that in this case the traditional interpretations of life expectancy increases as indicators of 'healthier populations' were still applicable (for a detailed reference see Nusselder 2003) . However, the majority of the statistical data for developed countries indicates substantial improvements in population health during the last decades. Comparing Austrian survey data of 1981 with 2006, it turns out that the age-specific proportion of the population self-rating its health as very good or good has increased for both sexes in practically all 5-year age groups between the ages of 25-84 years ( Figure 3) . Moreover, the increase in self-rated very good or good health was most pronounced among the elderly. 8.00 1950-1971 1971-1991 1991-2008 1950-1971 1971-1991 A very useful measure for an integrated description of life expectancy and self-rated health is health expectancy.
1 Absolute health expectancy denotes the number of years an individual can expect 2 to live in self-perceived good health; relative health expectancy denotes the ratio of absolute health expectancy to life expectancy. Health expectancy was calculated for Austria in 1991-2006 by Klimont (2008) , who clearly confirmed an increase in population health. Doblhammer and Kytir (2001) calculated health expectancy for the elderly Austrian population for the years 1978-1998 and could provide similar results.
We may thus conclude that the increase in life expectancy in Austria during the last decades went along with a considerable improvement of the population's self-rated health status. The question is now whether this finding holds not only for the 'average' Austrian male or female, but also if broken down by education. Can we assume that all educational groups have equally gained length and quality of life during the last decades, or is there evidence that some educational groups have gained less than others or even lost? In the following sub-section we discuss the importance of that question.
The educational dimension of health
There is clear evidence that in developed countries today considerable variation in health outcomes exists between educational groups. Mortality data for Austria show that at the turn of the 21st century the life expectancy gap between people with a university degree and people with compulsory schooling only was about 6 years for males and 3 years for females (Klotz 2007) . Comparable figures have been reported e.g. for German-speaking part of Switzerland (Spoerri et al. 2006) or Belgium (Deboosere et al. 2009) , and a much larger gap has been found for Lithuania (Jasilionis et al. 2007 ). International comparisons suggest that in developed countries the mortality gap between the high and the low educated has typically not narrowed during the last decades of the 20th century (Valkonen 2001) . Concerning morbidity, an interesting finding-for those countries where data is available-can be reported: the educational gradient in absolute health expectancy is usually larger than the gradient in life expectancy, i.e. despite their shorter lives the low educated spend on average more years in bad health than the high educated. Such a finding is documented e.g. for Austria, Norway, Finland, Belgium and the Netherlands (Crimmins and Cambois 2003) as well as for the United States (Molla et al. 2004) .
The educational gradient of health outcomes is important for several reasons: First, education is one dimension of a person's socio-economic status, so the The wording "health expectancy" is not universal; some authors use "healthy life expectancy" or "life expectancy in good health". Note that for other health measures than self-perceived health usually other terms are used, e.g. "disability-free life expectancy".
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"Expectation" here refers to the period average, similar to period life expectancy. It should not be interpreted as a forecast for cohorts.
educational gradient of health outcomes can be interpreted as a measure of social inequality in a society. Correspondingly, a change in the educational gradient indicates rising or falling inequality. High social inequality does not only disadvantage the lower social classes, but is costly for the entire population: Mackenbach et al. (2007) estimate that inequality-related losses of health amount to 1.4%-9.5% of GDP of EU countries. The European Commission has recognised that "policies that aim at promoting employment [at older ages] must take the differences between socioeconomic groups in terms of health conditions and health inequalities into account" (European Commission 2010).
Second, the high educated can be seen as a 'vanguard' group of the population (Shkolnikov et al. 2009 ), so the evolution of their health outcomes in the past is an important reference for the evolution of overall health outcomes in the future. Education-specific evolutions of life expectancy (and possibly health expectancy) may thus serve as important input in population projections. A further step is to explicitly account for education in a multi-state projection, as done by KC et al. (2010) .
Moreover, given education is seen not only as a stratification variable of the population but itself as a 'driver of progress' of population health (as participation in higher education typically increases cognitive abilities, informational resources and self-control, as quoted by Deboosere et al. 2009 ), one may interpret the outcome gap between the high educated and the total population as a benchmark for the potential gain in overall population health by increasing the population's educational level. This is particularly important from a policy perspective since education can typically easier be influenced by policymakers than other socioeconomic variables such as occupation or income.
And last but not least, the education-specific evolution of life expectancy and health expectancy can considerably improve our understanding of the simultaneous evolution of length and quality of life. At present, relatively little is known-besides the sex dimension-about intra-country variation in the evolution of healthy years. There is reason to believe that the epidemiologic implications of declining death rates at older adult ages vary within a society, and that socio-economic variables like education are sources of variation. The education-specific evolution of life expectancy and health expectancy may thus provide useful input for further development of theories on the interdependencies between mortality and morbidity.
Previous research for Austria
The evolution of mortality risks by education has been studied for Austria in the 1980s by Doblhammer et al. (2005) . Similar to other countries, they found an increase in relative inequality, particularly for middle-aged males. The analysis was extended to the 1990s by Klotz and Doblhammer (2008) who discovered that then the increase in relative inequality did not continue, and an absolute contraction occurred among females at retirement ages. No paper on the education-specific evolution of health expectancy has yet been published for Austria.
The value added of our paper is therefore as follows. First, we add latest figures on education-specific life expectancy in 2006, allowing us to investigate the evolution of educational mortality differences in the early 21st century. Second, we combine mortality and morbidity information into education-specific health expectancies at ages 25-84 in 1981-2006 . Such a long time series on education-specific health expectancies is exceptional for western Europe and provides answers to fundamental questions on intra-country variation in the evolution of quality of life during the last decades: Has the educational gradient of health expectancy changed since 1981? If yes, how is the change in the morbidity gradient related to a change in the mortality gradient? And to what extent did the change in the educational composition of the population contribute to overall health outcomes?
Materials and methods
Educational levels
In this paper we consider the highest education completed, summarised into three categories:
• high education, which means higher secondary or tertiary education (Matura, Hochschule), • medium education, which means vocational schooling (Lehre, Fachschule), • and low education, which means compulsory schooling only (Pflichtschule). A summarisation into these three categories makes sense for clarity reasons, but also for the purpose of statistical reliability, particularly with respect to morbidity data. Our analysis does not include the part of the population that is under 25 years of age, so educational mobility between the three groups is small enough to be neglected.
In Table 1 the distribution of the Austrian population aged 25-84 with regard to the three educational groups is given for the censuses in 1981, 1991 and 2001 as well as for the 2006 register based census test. We clearly see an increase in the proportions high/medium educated and a concurrent decrease in the proportion low educated. This phenomenon is referred to as the educational expansion of the population, which has been more pronounced among females than males. Technical details and results were extensively described elsewhere (Doblhammer et al. 2005; Klotz 2007 ). The latest life tables are based on linkage of the 2006 register based census test (no official Austrian census) with death records of the Austrian social security administration. A unique personal identifier available in both datasets (bereichsspezifisches Personenkennzeichen "Amtliche Statistik", bPK-AS) was used, making the linkage virtually complete: Compared with the previous follow-up data, a few deaths of people with no Austrian social security record may be missing, but this is numerically over-compensated by additional coverage of deaths abroad as well as more accurate linkage (since a unique identifier was used instead of statistical matching).
We present results on life expectancy at age 25 as well as on partial life expectancy at ages 25-84 (to provide a direct link to partial health expectancy).
Self-perceived health status and health expectancy
Cross-sectional data on health status of the Austrian population is available from the Austrian micro censuses (MCs) September 1978 , December 1983 , December 1991 , September 1999 and from the Austrian health interview survey (HIS) that was conducted in March 2006-February 2007. The MCs were household surveys (proxy interviews were allowed), whereas the HIS was a personal survey. Detailed information on survey characteristics such as sample size, nonresponse or estimated design effects are given in Appendix Table 1. The estimated effective net sample size 3 for our purposes (population aged 25-84, education known or imputed) ranged between 18,300 and 23,300 in the MCs and was 8,600 in the HIS.
Each survey contained a question (in German) on self-perceived health status. The question wording was identical in the MCs and very similar in the HIS. Possible answers were: very good, good, medium, bad and very bad. In this paper we combine very good and good respectively very bad and bad into one single category each. Self-perceived medium health is kept as an intermediate category.
All survey participants-without an upper age limit-were asked for selfperceived health status. It turns out, however, that figures for the oldest-old might be biased due to selective nonresponse of elderly people in bad health. For instance the HIS provides at ages 85+ a proportion of the population in self-rated (very) good health that is 8-10 percentage points higher than at ages 80-84, what is very hard to believe given the pattern in Figure 3 . To guarantee statistical validity, we thus decided to restrict the analysis to ages 25-84.
Missing values of education were imputed in the original data files of the 1991 and 1999 MCs as well as in the HIS, but not in the 1978 and 1983 MCs. Missing values of self-perceived health status were imputed in the HIS only. Detailed information is given in Appendix Table 1 , however, item nonresponse was rather low in all surveys. The MCs were also subject to unit nonresponse on personal level, as the primary sampling units were households. We did not additionally impute any missing values for the purpose of our study. Of course we did use sample weights to adjust for sampling design and primary sampling unit nonresponse. For the MCs we did not use the original weights in the data files but new MC weights that were calibrated in a consistent manner for the entire period 1974-2003, as documented by Mitterndorfer (2008) .
The MCs did not cover the institutionalised population but only people in private households. In the HIS the institutionalised population was in principle covered, but in practice under-represented. 4 This means that health status estimates might in general be positively biased, but less so in the HIS than in the MCs.
The distribution of self-perceived health (good, medium, bad) was calculated for 5-year age groups (25-29, …, 80-84) . Health expectancies at ages 25-84 were estimated by the Sullivan method (Jagger et al. 2001 The effective net sample size is obtained by dividing the actual sample size by the design effect of the survey. The design effect is defined as the ratio of the actual variance of a linear statistic in the realised sample to its theoretical variance in a model simple random sample.
4
The actual proportion of the institutionalised population is about 1.0 per cent in Austria at ages 25-84, but in the HIS the institutionalised population accounts for only 0.4 per cent (both unweighted and weighted).
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This averaging makes sense because the proportion of high educated females was still very low in advanced age groups around 1980, so by combining two surveys we can substantially improve the statistical reliability of our figures. Partial life expectancy at ages 25-84 can be decomposed into the following averages: years in self-perceived (very) good health, years in self-perceived medium health and years in self-perceived (very) bad health. Our primary interest concerns the evolution of years in self-perceived good health, both absolute and relative (i.e. as a percentage of partial life expectancy).
Tests of significance of changes in educational differences
Measured changes in educational differences can be caused either by true changes or by random variation. To assess the statistical reliability of measured changes, variances were calculated for (partial) life expectancies and absolute partial health expectancies. For life expectancy we used the formula of Chiang (1984: ch. 8) , for health expectancy the formula of Mathers (as quoted by Davis et al. 1999) . A detailed description is given in the Appendix.
Since we provide figures for three educational groups, three differences can be calculated: High vs. Medium, Medium vs. Low and High vs. Low. It follows that tests of significance are influenced by Type I error inflation. To keep the family-wise error rate at 0.05, we applied Holm's (1979) procedure, explained in the Appendix.
Accounting for the educational expansion: the population attributable risk
As pointed out before, the distribution of the Austrian population by educational level has essentially changed in the years . In a long-run time series it is therefore neccesary to account not only for the evolution of educational disparities in health outcomes, but also for the change in the educational composition of the population. This can be done by calculating population attributable risks (PARs). The PAR is defined as the difference of a health outcome (e.g. life expectancy) between the high educated and the total population (Mackenbach and Kunst 1997) . It is therefore very easy to calculate and has an important meaning, namely the improvement that would be achieved in overall population health if it were possible to improve the outcomes of the medium/low educated to the level observed for the high educated. The PAR is influenced by the educational distribution of the population and consequently in a time series accounts for the change in that distribution over time.
Results
Overall and education-specific evolution of length and quality of life
Life expectancy at age 25 has increased in Austria in 1981-2006 from 46.6 to 53.2 years for males und from 52.8 to 58.4 years for females ( Table 2 ). The increase was thus 1 year larger for males than for females (6.6 respectively 5.5 years). Essentially the same increases-between 5.7 and 6.2 years for males, between 4.6 and 5.4 years for females-can be observed when broken down by educational level. It is important to note that any change in the educational gradient of life expectancy has therefore to be attributed to a smaller increase in one group, not to any decrease. 6 Furthermore we see that the education-specific gains were smaller than the overall gains, a (statistical) consequence of the educational expansion of the population between 1981 and 2006.
Partial life expectancy at ages 25-84 has increased overall by 5.3 years for males and by 3.5 years for females. It turns out that the increases in partial health expectancy were even larger, namely 6.5 years for males and 8.1 years for females. That the partial health expectancy increase was larger than the partial life expectancy increase holds also when broken down by educational level, with the exception of low educated males (4.9 years increase in partial life expectancy, 4.1 years in partial health expectancy). Correspondingly, the expected number of years in self-rated medium health at ages 25-84 has stagnated or declined and the number of years in self-perceived bad health at ages 25-84 has not changed significantly in 1981-2006. 7 Comparing males and females, it turns out that females gained more healthy years during the last decades, whereas males gained more total years.
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In some eastern European countries the widening of the educational life expectancy gap in the 1990s was caused by a decrease in life expectancy of the low educated (Shkolnikov et al. 2006). 7 Note that the age group 85+ is excluded from the analysis and that the expected lifetime at ages 85+ has increased since 1981, so the number of years in self-perceived bad health at all ages 25+ might have evolved worse than at ages 25-84. For males we observe no significant change in life expectancy differences between educational groups during the last decades. The difference between the high and the low educated was 5.2 years in 2006, almost the same as in 1981 (5.4 years). A significant decline in the gap between high and medium/low educated males can be observed for partial life expectancy, but this has to be qualified as the high educated had less potential to gain lifetime in that age group. No significant change in differences also occurred for partial health expectancy. In 2006 the measured difference between the high and the low educated was 12.9 years, in 1981 it was 11.7 years.
For females, however, we observe a different pattern: the difference in life expectancy between the high/medium and the low educated has significantly declined between 1981 and 2006 (from 1.7 to 1.0 years between the medium and the low educated, from 2.8 to 2.0 years between the high and the low educated). Also the partial life expectancy gap has decreased between high/medium and low educated females, though again this has to be qualified given the different potentials for improvement. On the contrary, the partial health expectancy gap between the medium and the low educated has significantly increased from 5.4 to 7.9 years (between the high and the low educated the measured difference increased from 9.7 to 11.1 years, which was no statistically significant change). Apparently the reduction of mortality risks at older adult ages had different epidemiologic implications between medium and low educated females.
A closer look at the numbers in Table 3 reveals that for both sexes each measured difference between the high and the medium educated was lower in 2006 than it was in 1981, whereas this does not hold for differences between the medium and the low educated in general. This highlights the fact that the educational gradient of health outcomes can evolve more complexly than simply 'increase or decrease'. It is also interesting to look at the evolution of the educational differences in the intermediate periods: whereas for life expectancy the measured gaps were typically largest in 1991, for partial health expectancy no such concentration can be observed; indeed, with respect to female partial health expectancy, the maximum measured gap between the high and the medium educated occurred in 1981, whereas the maximum measured gap between the medium and the low educated occurred in 2006. Figure 4 shows the evolution of partial relative health expectancy in 1981-2006, i.e. the proportion of years lived in self-perceived good health out of all years lived at ages 25-84. We observe a long-term increase for all educational groups; precisely, the education-specific proportion of healthy years has increased by 2-4 percentage points for males (overall increase 6 percentage points) and by 5-9 percentage points for females (overall increase 11 percentage points). Moreover, we observe a rather decreasing gap between the high and the medium educated compared with a rather increasing gap between the medium and the low educated. 
Relative health expectancy
The population attributable risk
To analyse the simultaneous influence of educational expansion and the educational gradient on population health in an integrated way, we calculated population attributable risk (PAR) figures for life expectancy, partial life expectancy and absolute partial health expectancy (Table 4 ). It turns out that for length as well as quality of life the difference between the high educated and the total population has decreased for both sexes in the period 1981-2006. For males the decline in the PAR of life expectancy and partial health expectancy was in both cases about 1 year. For females the PAR of life expectancy has declined also by about 1 year, whereas the PAR of partial health expectancy has declined even by about 2 years. A closer look at the intermediate periods reveals that the PARs stagnated in the 1980s, whereas they decreased in the 1990s and-with the exception of male health expectancy-also thereafter. The evolution of the PARs emphasises the independent explanatory effect of the educational expansion on population health: though the educational gradient of female partial health expectancy has not declined in , the disparity between the high educated and the total population was about 2 years lower in 2006 than it was in 1981. In short, the educational expansion has shifted a large proportion of the population to lower-risk groups.
Discussion
Possible weaknesses of the data
In the (paper and pencil) censuses conducted in the time span 1981-2001 the question on educational attainment was compulsory for the entire population from age 15 onwards. Nonresponse was caused either by refusal to answer or by proxy fill-ins of census forms and was corrected by imputation. In the 2001 census the nonresponse rate was overall 4.0 per cent (thereof 2.8 per cent refusals and 1.2 per cent proxy fill-ins). A disproportionately high nonresponse rate was observed for foreigners, the non-employed and the oldest-old. The higher nonresponse rate for the population aged 80+ was primarily caused by proxy fill-ins by institutional staff or municipal authorities who answered for people who were not able to speak for themselves. It is clear that such proxy fill-ins for the elderly often regarded people in bad health (e.g. in institutions or hospitals), and indeed in the follow-up period we observed a disproportionately high mortality risk for nonrespondents. This means that imputation of missing education values in the censuses can influence our results on educational mortality differences. For the 2001 census, a sophisticated hot-deck imputation procedure was applied (Schwabe 2005) and those imputed values were also used at the 2006 register based census test. For the 1981 and 1991 censuses, however, missing education values were simply imputed as low education, implying that life expectancy of the low educated might be under-estimated for 1981 and 1991. Unfortunately it was not possible to re-identify nonrespondents in the 1981 and 1991 census files. For the 2001 census a sensitivity analysis was carried out to test what effect it would have had on educational mortality differences if we had imputed all missing values simply as low education, as it was the case in 1981 and 1991: Life expectancy at age 25 would have been under-estimated for the low educated by 0.2-0.3 years, whereas for the medium/high educated it would have been overestimated by 0.2-0.4 years. 8 We conclude that the life expectancy gaps between the high/medium and the low educated might be biased upwards for the 1981 and 1991 results (the influence on the difference High vs. Medium is negligible).
In the follow-up studies for the 1981-2001 censuses, about 10% of all death certificates could not be linked to any census record. An important reason for non-linkage is residential mobility, as last residential address of the deceased was one of the matching variables, so people that had moved between census and death-e.g. into a nursery home-could not be linked. follow-up, where almost all deaths could be linked and deaths abroad were included, might therefore be more accurate than the figures for the previous periods.
Different handling of missing values-of both education and self-rated health-also refers to survey data. No imputation (available-case method) was made in the 1978 and 1983 MCs, whereas hot-decking was applied in the 1991 and 1999 MCs as well as in the HIS. Moreover, the MCs were also subject to unit nonresponse on personal level, as the primary sampling units were households. The comparability of self-perceived health is also influenced by different proportions of proxy interviews. Proxy interviewing was generally allowed in the MCs and there accounted for about 30-35% of all interviews for males and 15% for females, whereas in the HIS, where proxy interviewing was allowed only if the respondent was for health reasons unable to answer, proxy interviews accounted for only about 2% of all interviews (see Appendix Table 1 ). We conclude that our figures on self-rated health might be more accurate for 2006 than for the earlier periods, particularly for males.
The MCs did not cover the institutionalised population but only people in private households. In the HIS the institutionalised population was in principle covered, but in practice under-represented. One can reasonably assume that the institutionalised population is in worse health than the non-institutionalised population, particularly among the elderly. Appendix Table 2 reports the proportion institutionalised among the population aged 65-84 in Austria, by sex and 5-year age groups, for all censuses conducted in the years 1981-2006 and for the 2001 census also by education. The proportions are clearly higher for females than males and have slightly decreased for both sexes in . In 2001 the proportion institutionalised was higher for the low educated than for the medium/high educated for males in general and for females particularly at ages 75-84. We conclude that exclusion respectively under-coverage of the institutionalised population in surveys might cause an over-estimation of healthy years at ages 25-84, particularly for females, the low educated, and the periods before 2006.
Possible weaknesses of the measures
Health expectancies were calculated by the Sullivan method, using cross-sectional survey data on self-perceived health. Concerning the pros and cons of the Sullivan method, a lot has been discussed in the literature, here we simply refer to Laditka and Hayward (2003) .
Self-perceived health was chosen as the health variable because it provides the longest possible consistent time series for Austria (since 1978, which we combined with 1983 to our 1981 figures). Various other health variables have been used in international studies, whereof the two most famous ones are prevalence of disability (or chronic illness) and functional limitations in daily activities. Self-perceived health has the advantage that it covers physical as well as mental and social dimensions of well-being, and is therefore close to the official WHO definition of health.
9 Though a subjective measure, studies have shown a strong correlation with objective health variables both cross-sectional (Urban and Klimont 2002) and longitudinal (Idler and Benyamini 1997 , as quoted by Urban and Klimont 2002) . Compared with objective health variables, selfperceived health is usually easier to obtain in surveys, particularly in large surveys of public agencies. However, it can be affected by variation in symptom attention across different parts of the population. Furthermore, as it is a subjective measure, interview effects might have an increased impact.
We generally computed summary measures of mortality and morbidity. The evolution of such summary measures can hide age-specific trends. Figure 3 indicates 10 that the improvement in self-perceived health in 1981-2006 was comparably small at advanced working ages (say, 55-64 years for males and 50-59 years for females). Furthermore, our analysis does not include selfperceived health at ages 85+. The evolution of relative health expectancy at ages 25-84 thus probably over-estimates the evolution of relative health expectancy at all ages 25+, as the expected lifetime at ages 85+ has increased.
Consistency with previous findings for Austria
Our data on mortality in the years 1981-2001 is essentially the same as used by Klotz and Doblhammer (2008) , 11 so our results naturally reproduce their findings for 1981-2001: a rather increasing life expectancy gap in the 1980s and a reversal thereafter. Concerning the evolution of education-specific life expectancy in 2001-2006, it seems that the trend observed for the 1990s has essentially persisted in the early 21st century. Obviously the measured life expectancy difference between the high and the low educated reached a maximum in 1991 and has decreased since then. The underlying data can be found in Appendix Table 3 , where also the education-specific values are reported. Klotz and Doblhammer (2008) report life expectancies at age 35, our paper at age 25. Furthermore, they distinguished five educational levels, whereas our analysis summarises those five levels into three levels.
Comparison with results from other countries
Only some countries provide regular information on mortality disparities by educational attainment or other socio-economic criteria. For those western European populations where data on the evolution of educational mortality disparities is available either an increase or stagnation of life expectancy disparities during the last decades was reported. For instance the life expectancy gap between the highest and the lowest educational group increased in Belgium 1991 (Deboosere et al. 2009 ), Denmark 1994 (Brønnum-Hansen and Baadsgaard 2008 , or the city of Turin 1971 -1995 (Valkonen 2001 .6, restricted to partial life expectancy). An increase in life expectancy disparities was typically caused by a comparably small increase or even decrease in life expectancy of the lowest educational group, whereas the gap between the highest educational group and the medium educational groups not generally widened. For the city of Barcelona stagnation in educational disparities in adult mortality was observed in 1992-2003, measured by age-standardised mortality rates (Borrell et al. 2008) . Also measured by other socio-economic variables than education mortality disparities in western Europe either increased or stagnated after 1970 , e.g. in Finland 1971 -1995 (Valkonen 2001 .4, social class), England and Wales 1972 (Johnson 2007 , occupation-based social class), France (Cambois et al. 2001 (Cambois et al. , 3 occupational classes, 1980 (Cambois et al. -1991 Leclerc et al. 2006 Leclerc et al. , 7 occupational classes, 1968 Leclerc et al. -1996 , or the city of Rome 1990 (Cesaroni et al. 2006 , ecological study, index of socio-economic position).
Our results for Austria do not show a disproportionately low life expectancy increase for the low educated but rather the contrary. At a first glance we could thus conclude that-at least in terms of trends-in Austria the situation was comparably favourable for the low educated during the last decades, but this has to be qualified for two reasons: first, international comparisons are influenced by different educational compositions of the populations, and in Austria the low educated account for a relatively high proportion of the population, implying that this population is probably more heterogeneous than in other countries. In particular, the Austrian data do not (and cannot) distinguish between people with no education completed and people who have completed compulsory school. Data from Belgium (Deboosere et al. 2009 ) indicate that those with no education completed might have been a particular risk group with respect to the evolution of life expectancy, whereas those who have completed compulsory school not necessarily have been. Second, international comparisons are sensitive with respect to the periods analysed. Our data for Austria indicate a decreasing life expectancy gap in 1991-2006, but an increasing gap in 1981-1991 . Also data for England and Wales (Johnson 2007 ) and for Finland (Valkonen 2001: ch. 3.4) show that the change in social class differences regarding life expectancy was not linear over time.
Concerning trends in health expectancy disparities, even much less data is available from other countries. Trends by education were reported for the Netherlands 1989-2000 (Perenboom et al. 2005, chronic France 1980 -1991 (Cambois et al. 2001 , occupational class, disability, males only) and England 1994 (Bajekal 2005 , ecological study, deprivation deciles, two health measures). For the Netherlands, Sweden and Denmark an increasing health expectancy gap was reported between the highest and the lowest class, whereas differences between the highest class and the medium classes not generally increased. No significant changes were reported for France and England. Thus in Austria the evolution of the health expectancy gap seems to be at most on average from the viewpoint of the low educated-contrary to the evolution of the life expectancy gap, where the Austrian trend seems favourable for the low educated. Note again, however, that this comparison has to be qualified since educational classifications and compositions, periods of analysis, and-moreover-health measures differ between countries.
Possible explanations for trends in educational disparities
There has been a wide discussion in the literature-both theoretical and empirical-about possible explanations for socio-economic disparities in mortality and morbidity. Valkonen (2001: ch. 3 .2) summarises various contributions into selection effects, structural/materialist explanations and behavioural/cultural explanations. Kunst (1997: ch. 11.5) uses the concept of 'equifinality' to generalise the association between socio-economic status and health, with special focus on the causal directions of relationships. In a very comprehensive German paper, Schneider (2008) formalises a multi-dimensional model for the social gradient of morbidity and mortality, identifying seven explanatory theses and discussing possible interaction effects.
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Regarding our paper, two restrictions have to be considered: first, most of those models refer to a merely abstract socio-economic status rather than explicitly to education.
13 Second, such models are typically designed to explain an observed disparity, not its derivative with respect to time. The main focus of our paper however is trends in disparities. 12 An interesting example of the multi-dimensional approach is that Schneider (2008) links "access to health care" not only to structural factors like coverage of health insurance, but also to cultural factors like communication between doctor and patient.
13 Kunst (1997: ch. 11.5 ) is an exception, clearly distinguishing between resources (=education), rewards (=income) and their linkage (=occupation).
The second restriction is not very limiting: by introducing a dynamic element into the various hypotheses, we obtain explanations for changes over time. For instance, if educational disparities in health outcomes are caused by disparities in average incomes (materialist/structural), then a change in the average income gap is likely to result in a changing health gap. Analogous, if different smoking habits contribute to educational disparities in health (cultural/behavioural), then an education-specific evolution of smoking habits might result in education-specific evolution of health outcomes.
14 Similarly, changes in selection effects may contribute to trends in educational inequalities in morbidity and mortality. What should however be considered is that a change in explanatory factors does not necessarily result in changing health outcomes at once; in this case, a time-lag is more likely.
Our results indicate that most educational differences in length and quality of life were rather stable during the last decades. Between medium and low educated females, however, the life expectancy gap has significantly decreased but the health expectancy gap significantly increased. What can we say about possible explanations for that deviation? Clearly our data alone do not enable us to answer the question, but external information may give some hints which factors could have influenced relative morbidity risks of low educated females to a greater extent than their relative mortality risks. Unfortunately for Austria no educationspecific time series is available for behavioural risk factors such as smoking 15 or obesity. What can be studied is the education-specific evolution of variables such as family status, labour force participation, or citizenship, which are available from census files and have been reported in international literature as explanatory factors for health inequalities (Shkolnikov et al. 2009; Leclerc et al. 2006; Kohls 2008a; . 14 Kuntsche and Gmel (2005) discuss education-specific trends in smoking habits in Switzerland, with explicit reference to the "theory of diffusion of innovations". 15 Urbas and Klimont (2002: p. 93 ) published data on education-specific smoking rates in Austria in 1979-1997. Unfortunately their educational classification does not allow distinguishing between the medium and the low educated as classified in our paper. Nonetheless their figures seem to indicate that, among females aged 30-59, both the proportion of current smokers and the proportion of ever smokers have increased disproportionately for the low educated. Table 5 reports some education-specific proportions for females aged 30-59 of Austria in 1981 vs. 2001. With regard to family status, we see that the proportion married or cohabiting as well as the proportion of single mothers has evolved relatively similar across educational groups in 1981-2001, so at a first glance family status is little likely to explain the different evolution of morbidity vs. mortality. Concerning labour market participation, the increase in employment rates is positively correlated with education, whereas for unemployment the opposite holds. As higher employment rates typically result in higher (household) incomes, whereas unemployment is typically associated with poverty and stress, changes in the labour market during the last decades are one possible explanation for the increasing health expectancy gap between medium and low educated females. A particular large educational disparity can be observed for the increase in the proportion of Non-EU-15 16 citizens, which was much larger for the low educated than for the medium/high educated. For migrants in Austria there was reported a worse self-rated health status : ch. 7) but larger life expectancy than for native Austrians (Bauer and Kytir 2010) . 17 The rising importance of the migrant population among the low educated thus provides one reasonable explanation for the deviation in the evolution of life expectancy difference vs. health expectancy difference between medium and low educated females. However, the fact that no such deviation can be observed among males remains questionable.
Education and socio-economic status
That most explanatory theses for educational inequalities in health refer to socioeconomic status, not actually to education, needs some more discussion. Most researchers might agree that education contributes to a person's socio-economic status. Only a few, however, clearly distinguish in analyses between education and other socio-economic classification variables. The specific problem in a time series is that because of the educational expansion of the population during the last decades it is questionable if and to which extent educational categories are comparable over time.
18 Crimmins and Cambois (2003) distinguish between an absolute and a relative approach. The absolute approach can be motivated from the theory of human capital (Becker 1993 ) and interprets educational attainment as a measure of cognitive and social abilities. Thus educational groups are seen as more or less homogeneous populations with respect to health risks, and any change in the educational distribution of the population is itself a contribution to rising or falling health inequality. The relative approach instead can be motivated from social stratification theory (e.g. Bergman and Joye 2001) and interprets educational attainment as a measure of relative position within a society. Health outcomes are assumed to depend on the relative socio-economic position in such a way that a change in the educational distribution of the population is merely a 'disturbance term' in time series, as members of one and the same educational category are not comparable over time with respect to their relative positions.
We do not strictly decide on one of those approaches here; from our point of view, both the absolute and the relative approach have their strengths and 16 "EU-15" refers to EU member states in 2003. 17 Figures in Table 5 and of Bauer and Kytir (2010) refer to foreign citizenship, whereas Klimont et al. (2008) refer to foreign citizenship or foreign country of birth. Country of birth was asked in the 2001 census, but not in the 1981 census.
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Strictly speaking, this is not an exclusive problem of education but refers also to e.g. occupational class, as the proportion of non-manual employees has typically increased in developed countries during the last decades whereas the proportion of manual workers has decreased. However, changes in the educational distribution were exceptionally large (e.g. Martikainen et al. 2007). weaknesses. It is interesting to see that the fundamental change in the educational distribution of the population during the last decades has not resulted in a large change in differences between educational groups, but in a decline of population attributable risks. This finding is particularly impressive for female quality of life: on the one hand, the partial health expectancy gap between the high and the low/medium educated was statistically equal in 2006 and 1981. On the other hand, the difference between the high educated and the total population has declined by about 2 years, the largest decline of all population attributable risks observed. In other words, when interpreting the high educated as a 'vanguard group' of the population, the difference between the vanguard group and the total population has remarkably declined in the recent past, and this decline was caused by numerical expansion of the vanguard group, not by a reduction of differences between the vanguard group and the non-vanguard groups. This clearly illustrates that an analysis of health outcomes by education "concerns both inequality and progress", as Deboosere et al. (2009: p.177 ) have pointed out.
The comparability of a person's educational level as a measure for socioeconomic status is more questionable for females than males for two reasons: first, the educational expansion of the population was more pronounced among females. Second, changing gender roles (which are of course related to the educational expansion) have probably raised the importance of a woman's own educational level for her socio-economic status. In earlier times low education was not uncommon among females also in the middle classes, and for married women-frequently out of the labour market-social class affiliation was often measured by characteristics of the husband.
19 Today, however, low education is also among females highly correlated with lower social class, with the exception of the oldest cohorts. This fact somehow reveals that some of the values in Table 5 could explain more than they seem at a first glance: For instance, we saw that the education-specific declines in the proportion married or cohabiting were not tremendously different, and firstly concluded that family status is little likely to explain the widening health expectancy gap between medium and low educated females. Nonetheless, even the fact that the proportion married or cohabiting has at all declined could be an explanatory factor, given that this has increased the importance of a woman's own educational attainment as a predictor for her socioeconomic status. 19 An example in research on differential mortality is Pamuk's (1985) famous paper on social class inequalities in mortality in England and Wales from 1921 to 1972, where the female population is included only insofar as married women are classified by the occupation of the husband.
Summary and conclusions
All educational groups have seen a considerable increase in both length and quality of life in . When discussing the evolution of the educational gradient, it is therefore important to note that any change in a gap was the result of a slower progress in one group, not of a regress. Also relative health expectancy, i.e. the proportion of years in self-perceived good health out of all years lived at ages 25-84, has increased for both sexes and all educational groups.
The educational gradient of health can evolve more complexly than simply 'increase or decrease'. We found an at most constant, rather contracting health expectancy gap between high and medium educated females, but a widening health expectancy gap between medium and low educated females. This implies that simple comparisons of extreme categories may produce misleading conclusions on the evolution of the pattern of inequality. In particular, one should distinguish between cases where educational/socio-economic disparities in general increase and cases where only a particular class deviates from the average trend. This is also supported by the findings from other countries, where typically the lowest class saw an unfavourable evolution of health expectancy (in some countries also life expectancy), but the gap between the highest class and the medium classes not generally widened.
We recognise that a more or less homogeneous increase in length of life across different subpopulations within a country does not necessarily imply a homogeneous increase in quality of life. Trends in life expectancy disparities may differ from trends in health expectancy disparities. There is reason to believe that the epidemiologic implications of declining mortality risks at older adult ages vary within a society, and that education (and related to it, socio-economic status) is one source of that variation. Policy implications like "we should reduce the gap in life expectancy" are little useful if only length of life is considered but quality of life ignored. Also we found a larger increase in life expectancy for males, but a larger increase in health expectancy for females.
And finally, any long-run comparison of educational health inequalities should account for both the educational gradient and the educational expansion. On the one hand, most health differences between educational categories have remained rather constant in . On the other hand, the educational expansion of the population during the last decades has shifted a large proportion of the population to lower-risk groups, and this has improved overall population health outcomes. Quoting Deboosere et al. (2009: p.177) , "Historically, the improvement in the educational level of a population reflects the progress to reduce risks with a negative impact on health." Our findings clearly indicate that this 'historical' reflection is not at all out-of-date. . A detailed derivation of the formulae is given by Chiang (1984: ch. 8 ).
Calculation of partial health expectancy
Denote by y the 5-year age group ) 5 + , [ x x . For each age group we estimate from a sample survey the proportion y π of the population in self-perceived (very) good health ( y π is 0 if no survey respondent in the respective age group self-rates its health as (very) good, and 1 if all survey respondents in the respective age group self-rate their health as (very) good). Health expectancy at ages 25-84 is then calculated by the Sullivan method as 
Estimation of design effects
The design effect is defined as the ratio of the actual variance of a linear statistic (e.g. a proportion) in the realised sample to its theoretical variance in a model simple random sample. In our case it can be estimated as follows. The agespecific proportion of the population in self-perceived (very) good health may be written as a weighted mean, π estimate is greater than if it were obtained from a model simple random sample. It turned out that estimated design effects and average weights did not vary a lot by age group, so for each population of interest we used an average design effect Δ for all age groups.
Variance estimation for partial health expectancy
The variance of the age-specific proportion of the population in self-rated very good or good health equals where y f denotes the life table fraction of the interval y lived by those who die in y (which is typically close to 0.5) and x denotes the lower endpoint of the interval y . The formula above-slightly modified-was taken from Davis et al. (1999) .
Test statistic for significance tests
In Table 3 The test statistic is then computed in the usual way as
